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Field of Invention 



This invention is concerned wifh stable gabapendn con^ositions. More paiticulady, this 
invention is concemed with phannaceutical compositi(ms conqsrising a 1hea'q>eutically 
effective amount of gabapentin and an exdpient which is not dettiineiital to the long-tenn 
stability of gabapentin. 



BACKGROUND OF THE TNWNTroiST 



Gabapentin (1) and its phaimaceutically acceptable salts have been used for a number of 
years for the treatment of cerebral disorders such as epilepsy, fainting attacks, hypokinesis 
and cranial traumas, has been known for many years, for example as disclosed in US-A- 
4024175, US-A-4087544 and US-A-4894476. 




COOH 

(I) 



US-A-6054482 discloses that the preparation and long-term storage of gabapentin and its 
pharmaceutically acceptable salts present problems since (i) during the [reparation the 
compounds show considerable variations without eppsawt reason; (ii) very pure 
gabapentm, when stored long term, shows differing stabilities; and (iii) a toxic lactam (II) 
is formed when the gabapentin degrades. Pharmaceutically acceptable gabapentin 
compositions must conq^rise no more than 0.5% by wei^t of this toxic lactam 
compound. 
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(H) 



To combat lactam foraiation and provide long-term stability in pharmaceutical 
compositions, US-A-6054482 teaches that flie following procedures must be maintained: 
5 1. The active gabapentinnmterials must be prepared as highly purified, non- 

derivadzed free amiao acids, for ^cample from the corresponding hydrochloride 
by ion exchange. The proportion of remaining hydrochloride admixtures^ or 
anions of otiiea: mineral acids, should thereby not exceed 20 ppm; 
^, lo suppress mc luimauuii tuAiv/ loutauiy a j^oluviucu. «»a.vjl^a^jlkv uxuoi. u^wx*. 

I 

10 Under tiiie above storage conditions generally applicable for medicaments, toxic lactam 
formation does not increase within a period of time of 1 year after production of the 
pharmaceutical composition or of the active material by more than 0.2 % by wt and 
preferably 0. 1 % by wt, based on the weight of the pure active material. 

In addition, US-A-6054482 provides a specific list of excipient materials which do not 
1 5 influence the stabiUty of the active gabapentin conqjound when the proportion of mineral 
acid does not exceed 20 ppm. These are: hydroxypropyhnetbyl cellulose, polyvinyl 
pyrroHdone, croiqpovidone, poloxam^ 407, poloxamer 188, sodium stardb glycolate, 
copolyvidone, maize starch, cyclodextrin, lactose, talc as well as co-polymers of 
dimethjdiamino-methacrylic acid and neutral methacrylic acid est^. It also provides a 
20 specific list of excipient materials which reduce the stability of ttie active gab^>entin 
con^imds: these are modified maize starch, sodium croscarmeUose, glycerol behenic 
acid ester, methacrjiic acid co-polymers (types A and Q, anion exchangers, titanium 
dioxide, and silica gels such as Aerosil 200. 

25 US-A-653 1 509 discloses that the long-term stabihty of pharmaceutical compositions 
based on active gabapentin compounds is not affected by the nature of the excipient 
materials disclosed ia US-A-6054482 provided that the amount of mineral acid anion in 
the conq)Osition is in excess of 20 ppm. 
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It is desired that pharmaceutical compositions are very stable, so that they can be ofiBsred : 
for sale with very long shelf Hves. It is also preferred that stable, pharmaceutically active 
compositions are not limited to pre-detemained amomits of mineral acid anion. 
5 Neither. US-A-6054482 nor US-A-653 1 509 suggest that the compositions disclosed 
therein may be stable for very long periods e.g. for at least two years, irrespective of the 
amount of mineral acid anion or exdpient 

We now report pharmaceutically effective gabapentin con^)Ositions which are stable for 
10 very long periods of time Le. compositions to contain less than 0.5% lactam after at least 
two years of storage at 25°C and 60% atmospheric humidity. Stability results for 
different durations and temperatures are included hereinafter. 

SUMMARY OF THE EWENTIQN 

15 

Accordingly, the present invention provides a stable phantnaceutical conr^sition of 
gabapentin, stEible in storage for extended periods, under conditions selected fiom the 
ranges consisting of: storage for at least 3 years at 25°C and 60% relative humidity, 
storage for at least 2 years at 30°C and 60% relative humidity, and storage for at least 6 
20 months at 40°C and 75% relative humidity. 

According to another aspect of the presmt invention there is provided a pharmaceutical 
composition comprising gabapentin and microcrystalline cellulose as the sole excq3ient 
Altematively, the composition also con^rises a lubricant, such as magnesium stearate. 

25 

According to another aspect of the present invention there is provided a pharmaceutical 
composition comprising gabapentin and microcrystalline cellulose as the sole diluent 

Preferably the composition is in the form of a capstile. 

30 

Preferably the capsule comprises hard gelatin. 
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Preferably the composition of the hard gelatin capsule further comprises one or more of: 
methyl hydroxy benzoate; propyl hydroxyl benzoate, titanium oxide, yellow iron oxide, 
red iron oxide, in any sxiitable combinations. The conqxjsition of the gelatin capsule may 
also contain purified wat^. 
5 According to another aspect of the present invention there is provided a pharmaceutical 
composition comprising gabapentin and excipients including microcrystalline cellulose 
and magnesium stearate. Preferably, these are the only excipimts, in which case 
macrocrystalline cellulose is regarded as a diluent and nmgnesium stearate as a lubricant 

10 According to another aspect of the present invention there is provided a pharmaceutical 
composition comprising gabapentin and one or more of the following as a diluent: dibasic 
calcium phosphate; iribasii; caiciura phosphate; calcium sulphate; mannitol; 
microcrystalline cellulose; starch; and lactose. 

1 5 According to anotiier aspect of the present invention there is provided a pharmaceutical 
corr^osition comprising gabapentin and one or more of the following as a lubricant: 
magnesium stearate; stearic acid; and colloidal silicon dioxide. 

According to another aspect of the inresent invention there is provided a pharmaceutical 
20 conq>osition comprising gabapentin and sodium lauryl sulphate. 

According to another aspect of the present invention there is provided a pharmaceutical 
composition comprising gabapentin, the composition further comprising: 

25 (i) microcrystalline cellulose; 

(ii) magnesium stearate; and 

(iii) sodium laur^d sulphate. 

In certain embodiments, this conq)osition also contains colloidal silicon dioxide. 

30 
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The content of mineral acid anions may be less than 70 ppm, and more preferably less ! 
than 50 ppm or 30 ppnL These ranges are not intended to be limiting and contents outside 
these ranges can be used. 
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DETAILED DESCRIPTTON OF THE PREFERRED EMBODIMENTS 

Table Titles 

5 Table 1 : Composition of the proprietary medical product 

Table 2: Stability Specification and routine tests for Gabapentin Capsules 
Table 3: Details of batches put on stability 

Table 4: Stability of Gabapentin Capsules 1 00 mg stored in P VC/PVdC/Aluminium 
packs (Batch Number GBC-I/1 00) stored at 25°C±2X/ 60%±5%RH 

10 Table 5: Stability of Gabapentin Capsules 100 mg stored in PVC/PVdC/Alumimum 
packs (Batch Number GBC-I/100) stored at 30°C±2°C/ 60%±5%RH 
Table 6: Stability of Gabapentin Capsules 100 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-I/100) stored at 40°Ci2°C/ 75%±5%RH 
Table 7: Stability of Gabapentin Capsules 100 mg stored in PVC/PVdC/Aluminium 

1 5 packs (Batch Number QBC-U/l 00) stored at 25°C±2°C/ 60%±5%RH 

Table 8: Stability of Gabapentin Capsules 100 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-II/1 00) stored at 30°C+2°C/60%±5%RH 
Table 9: Stability of Gabapratin Capsules 100 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-D/l 00) stored at 40''C±2°C/75%±5%RH 

20 Table 1 0: Stability of Gabapentin C2q>sules 300 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-I/300) stored at 25°Ci2''C/ 60%±5%RH 
Table 1 1 : Stability of Gabapentin Cq)sules 300 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-I/300) stored at 30°Ca2°C/60%±5%RH 
Table 12: Stability of Gabapentin Capsules 300 mg stored in PVC/PVdC/Aluminium 

25 packs (Batch Number GBC-II/300) stored at 30''C±2°C/60%±5%RH 

Table 13: Stability of Gabapentin Capsules 300 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-II/300) stored at 25°Ci2''C/ 60%±5%RH 
Table 14: Stability of Gabapentin Cqssules 400 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-I/400) stored at 25°Gt2''C/60%±5%RH 

30 Table 15: Stability of Gabapentin Capsules 400 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-I/400) stored at 30°C±2<'a 60%±5%RH 
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Table 16: Stability of Gab^)eatin C^sules 400 mg stored in PVCyPYdCVAlumiiiiiiin 
packs (Batch Number GBC-1/400) stored at 40°C±2**C/75%±5%RH 
Table 17: Stability of Gabapeatin C£?)sules 400 mg stored in PVCyPVdCVAliimimum 
packs (Batch Number GBC-Il/400) stored at 25*'C±2*'a 60%±5%RH 

5 Table 18: Stability of Gabapeatin Capsules 400 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-II/400) stored at 30°Ct2**Cy60%±5%RH 
Table 19: Stability of Gabapentin Capsules 400 mg stored in PVC/PVdC/Aluminium 
packs (Batch Number GBC-II/400) stored at 40°G»l2^C/ 75%±5%RH 
Table 20: Stability of Neurontin® Capsules 400 mg stored m PVC/PVdC/Aluminium 

10 packs stored at 25°Ct2«C /60%±5%RH 

Table 21 : Stability of Neurontin® Capsules 400 mg stored in PVC/PVdC/Aluminium 
packs stored at 30**C±2°C/60%±5%RH 

Table 22: Stability of Neurontin® Capsules 400 mg stored in PVC/PVdC/Aluminium 

packs stored at 40°Ci2°C /75%±5%RH 
15 Table 23 : Excipients used in the pre-formulation studies 

Table 24: Trial blmds for pre-formulation studies. 

Table 25: Pre-formulation studies, Batch Numba*: GD 

Table 26: Pre-formulation studies, Batch Number: GD2 

Table 27: Pre-formulation studies. Batch Number: GD3 
20 Table 28: Pre-formulation studies. Batch Number: GD4 

Table 29: Pre-formulation studies, Batch Number: GD5 

Table 30: Pre-formulation studies, Batch Number GD6 

Table 31: Pre-formulation studies. Batch Number: GD7 

Table 32: Pre-formulation studies, Batch Number: GLl 
25 Table 33: Pre-formulation studies, Batch Number: QL2 

Table 34: Pre-formulation studies, Batch Number GL3 

Table 35: Pre-fonnulation studies. Batch Number GSl 

Table 36: Pre-formulation studies. Blend I 

Table 37: Pre-formulation studies. Blend II 
30 Table 38: Pre-formulation studies, Neurontin® Capsules 400mg, Batch Number 015077 

Table 39: Pre-formulation studies. Drug Substance, Gabapentin Lot nunaber R 90562 
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The invention shall now be described further by way of exemplification. 



Experimental Protocols 

5 HPLC Assay for Related Substances 

Chromatographic Conditions 
Coluinn 

YMC-ODS - AQ, 5pm, 250 mm X 4.6 or equivalent 

10 

Column Temperature 
Ambient 

Mobile Phase 

1 5 0.025 M Potassium Phosphate Monobasic (pH 6.0): Methanol (70:30) 

Detector 
lJVat210nm 

20 Flow rate 

IQml/minute 
Injection volume 
50 

25 PiTTi Time 

1 0 minutes or as ^propriate for Standard Solution 
IS minutes or as appropriate for Resolution Solution 

70 minutes or as appropriate for l4iotam Marker, Test Solution and Diluent Solutions. 

30 Needle wash Solution 
Waterrmeflianol (70:30) 

8 
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Mobile Phase Preparation 

0.025M potassium phosphate, monobasic (KH2PO4) biiffer solution pH 6.0: 
Weight about 6.8g of potassium phosphate, monobasic (KH2PO4) and dissolve in about 
1800 ml of water. Adjust pH of the solution to 6.0 (±0.05) using 1 N Sodium Hydroxide 
5 solution. Add sufficient water to make 2000 ml and mix well. 

Mobile Phase: Mix 1400 ml of 0.025 M potassium phosphate, monobasic (KH2PO4) 
buffer solution pH 6,0 with 600 nal methanol, filter and degas. 

10 Sample Solution Preparation 

Weigh 20 intact capsules. Empty the capsules as conq^letely as possible into a suitable 
container. Clean and weigh the empty capsule shells and detemiine the average capsule 
filled weight. Mix thoroughly the combined contents of the capsules. 

15 Weigh accurately amount of powder equivalent to 600 mg Gabap^otin into a SO nal 
volimietric flask. Add about 30 ml of mobile phase and sonicate for 10 minutes with 
intermittent shaking to disperse the powder. Shake for 30 minutes. Dilute to volume with 
mobile phase and mix well. Filter ihe solutioa 

20 S^tandard Solution Preparation 

• Stock Standard Solution 

Weigh accurately abotit 25 mg Gabapentin R.S. and transfer to SO ml volumetric 
flask. Add to it about 25 ml mobile phase. Sonicate to dissolve, make \xp the volume 
25 with mobile phase. 



Working Standard Solution 

Pipette out 6ml of the solution from Standard Stock Solution into SO ml volumetric 
Flask. Dilute to volume with mobile phase and mix well. 
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Resolutjon Solution Preparation 

• Resolution stock solution (C.A.M) 

5 Weigh accurately about 12.5 mg of CAM., dissolved and dilute to 25 ml with 

naethanol 

hTote : Store under refrigeration for future use, Tlie solution may be used as long as 
a peak due to CA.M. is clearly visible in the chromatogram, 

10 

• Resolution working solution 

Pipette out 6 ml of Standard Stock Solution and 6 ml of C.A.M, Stodc Solution and 
dilute to 50 ml with mobile phase. 

15 Lactam Marker Solution Preparaiaon 

• Lactam stock solution 

Weigh accurately about 12.5 mg lactam, dissolve and dilute to 25 ml with 
nxethanol. 

20 

Nate : Store under refrigeration for future use. The solution may be used as long as 
the lactam peak is clearly seen, 

• Lactam working solution 

25 Pipette 6 ml of Lactam Stock solution and dilute to 50 ml with mobile phase. 

Preparation of Methvl Paiabms Marker Solution 

Weigh accurately about 25 mg of methyl parabens and dissolve and dilute to SO ml with 
mobile phase. Pipette 5 ml of solution into a 50 ml volumetric flask and make up to 
30 volume with mobile phase. Further pipette 5 ml and dilute to SO ml with mobile phase. 
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55 ystem Smtabilitv 

System suitability test solution: Inject 50 |j1 of Resolution Solution into the equilibrated 
5 chromatograph. Calculate the system suitability requirements. Gabapentin peak has 
retention time of about 6 minutes. CAJM has retention time of about 10 minutes 

The resolution between Gabapentin and C. A. M. peaks is NLT 4.5 

• The tailing factor (T), determined from the Gabapentin peak is NMT 2.0%. 
10 Perform 6 replicate injections of 50 pi of Working Standard Solution. The 

System precision is acceptable if the RSD of 6 replicate standard injections is 
NMT 5.0% 

Procedure 

15 Separately inject 50 \xl of the mobile phase, Standard Solution, lactam marker solution, 
Methyl Parabens marker solution and Test Solutions into the Chromatograph. Measure 
the responses of the major peaks. 

Calculate the contmt of impvirity lactam: single largest individual/unidentified 
20 impurity/degradant and total innpurities/degradant 

Note: Identify the peak due to meO^ parabens based upon the retention time in the 
chromatogram oftlie Metltyl Parabens marker solution. Disregard any peak occurring 
ift the test solution at the same RRT as the MeAyl Parabens peak 

25 

Calculations 

A, Ia5)uiity 1 : lactam {cyclohexanespuro (4,5) decane - 2, 3 -butyrolactam} 
Note: 

30 • Identify the lactam peak based on the retention time in the chromatograms 

of the Lactam Maker Solution injectioiL 

11 
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• Resolve Response Factor far lactam (RRF) = 21 ■ 

%Lactam= At X 1 X Ws X 6 X P X 50 X Average Filled Wt XlOO 
aT 21 50 "50^ 100 WT Label aaim 



Where, 

AT = Peak area of lactam in Test Solution 

AS - Peak area of Gab£q)entin in Standard Solution 

P = Potency of GabapentinW.S. 

WS = Weight of Gabapentin W.S. in mg 

WT = Weight of Test sample in mg. 



B. Single Largest Individual Unidentified hi^urities/Degradant 

Determine the peak areas for individual impurities/degradant For the 
largest peak areas observed other than those of diluent, lactam and 
Gabqsentin peaks 

% Single largest individual impurities/degradants 

AT XWs X 6 XP X 50 X Average Filled Wt. XlOO 
as' 50 50 Too" wt" Label Claim 

Where, 



AT = Peak area of any impurity in Test Solution 

AS = Peak area of Gabapentin in Standard Solution 

P = Potency of Gabapentin W.S . 

WS = Weight of Gabapentin W.S . in mg. 

WT = Weight of Test sample in mg. 



C. Total other impurities/degradants: 
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Sum the peak areas of all unidentified inq>urities. 

% Total other iirq?urities/degradaiits = 

lATXWs X6 X P X 50 X Average Filled Wt X 100 



.AS 50 50 100 WT Label Claim 



5 Where, 

SAT == Peak area of any impurity in Test Solution 

AS = Peak area of Gabapentin in Standard Solution 

P — Potency of Gabapentin W.S. 

WS = Weight of Gabapentin W.S. in mg. 

10 WT = Weight of Test sarnple in mg. 



D. % Total in^urities/degradaiit : 
15 = % lactam + % total other in:q)urities/degradants 



IVledicinal Products 

Exenq)laiy medicinal products containing gabapentin are disclosed in Table 1 . Table 1 
20 relates to gabapentin formulations containing active doses at 100, 200 and 400 mg. Li 
hard gelatine c£^sules. Bxcipients include ntiicrocrystalline cellulose as the sole diluent 
and magnesium stearate as a lubricant Table 1 additionally sets out capsule shell 
constituents and also constituents of tiie printing mk. 



25 Stability data for the foimulations of Table 1 at a range of temperatures <20 **C to 40°C) 
and durations is provided in Tables 4 through 1 8. 



30 
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Composition 

Composition of Proprietary Medicinal Product 

Table 1: Composition of the proprietary medical product 



Name of Ingredients 


mg/unit 


Function 


Reference H 
to 

standards 


100 mg 


300 mg 


400 mg 


Active Ingredient 














100.00 


300.00 


400.00 


AoSve 


HSE 














Other Ingredtents 












Cellulose, mioocrystalline (Avicel 
PH200) 


11.75 


35.25 


47.00 


Diluent 


Ph.tur. 


Magnesium stearate 


1.50 


4.50 


6.00 


Lubricant 


Ph. Eur. 














Total fill weight 


113^5 


339.75 


453.00 


















Empty Hard Gelatin Capsule 
Shell 


Size's' 


Size *1' 


Size '0' 


Capsule shell 


HSE 


ivieinyi p^ranyuruxyoBnzoaiB 
{E218) 


0.400 


0.620 


0.784 




Dki Ci if- 

rn. tur. 


Propyl parahydnoxybenzoate 
(E216) 


0.100 


0.155 


0.196 




Ph. Eur. 


Sodium taurilsulfate 


0.040 


0.062 


0.078 




Ph. Eur. 


Tiianium oxicte (E171> 


1,083 


0.639 


1.304 




Ph. Eur. 


Yellow iron oxide {E172) 




0.465 


0.784 




HSE 


Red iron oxide (E172) 






0.078 




HSE 


Purified water 


7.250 


11.238 


14.210 




Ph. Eur. 


Gelatin 


41.127 


64.121 


80.554 




Ph. Eur. 














Constituents of the printing Ink 












Ethanol anhydrous 










Ph. Eur. 


Isopropyl alcohol 










Ph. Eur. 


Shellac 










Ph. Eur. 


Activated charcoal 










Ph. Eur. 



Stability 

Stability Tests on the Finished Product 
10 Quality SpecilBcatLon for the proposed shelf-life 

The Stability specification for Gabapentin Capsules 100 mg, 300 mg and 400 mg is 
presented in Table 2 

15 

14 
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Table 2: Stability Specification and routine tests for Gabapentin Capsules 



Test 


Specificallon 


100 mg capsule 


300 mg capsule • 


400 mg capsule 


Anoearance (ViSLiat) * 


wruis/wrniQ oiza o nara 
gelatin capsizes Gontalrdng 

white to off white powder 
printed *GAB 1 00' and twin 

triangle logo In t^ack Ink 


1 BUOW/ycHuw oi£jo 1 naiu 
gelatin capsules containing 
white to off white powder 
printed with *GAB 300* and 
twin trian^e logo in black ink 


gelatin capsules containing 
white to off white powder 
printed with KSAB 400* and 
twin triangle loso in black ink 


Average capsule weight 


163.2 ma±5% 


415.7 mg±5% 


548.0 mg±5% 


Average filled weight 


113.2 mg±5% 


339.7 mg± 5% 


453.0 mg± 5% 


Unifonnrtily of filled 
weight 


± 10% of average lilted 
weight 


± 7.5% of average filled 
weight 


± 7.5% of average filled 
weight 


Disintegration (Ph. Eur.) 


NMT 15 minutes 


NMT 15 minutes 


NMT 15 minutes 


Water content (by KF) 


NMT3% 


NMT 3% 


NMT 3% 


Related Substances 
frA02) 








Lactam 


NMT 0.3% 


NMT 0.3% 


NMT 0.3% 


Any other In^urifies 


NMT 0.1% 


NMT 0.1% 


NMT 0.1% 


Total impurities 
(including Lactam) 


NMT 1.0% 


NMT 1.0% 


NMT 1.0% 


Dissolution (TA 03) 


NLT 80% in 20 minutes 


NLT 80% in 20 minute 


NLT 80% in 20 minutes 


Assay. Content of 
Gabapentin (TA 05) 


95.0-105.0% 


95.0-105.0% 


95,0-105.0% 


Microbial Umits^'' 


NMT 1000 bacteria pergm 
NMT 100 fungi per gm. 
Econ = absent 


NMT 1000 bacteria per gm 
NMT 100 fungi per gm. 
E.ooIi- absent 


NMT 1000 t)acteria pergm 
NMT lOOfiingi pergm. 
E.ooli- absent 



5 ^^^o be tested on initial, 6, 24 and 36 months. 
Batches Tested and Packaging 



Table 3: Details of batches put on stability 

10 



Capsule 
strength 


Batch 
number 


Drug substance batch 
number 


Batch size 
(Capsules) 


Date of 
manufacture 


Date on 
stiribilitylest 


100 mg 


GBC-l/100 


28800398 
288010498 


100»000 


April 1999 


July 1999 


100 mg 


GBOII/IOO 


288010498 
288070309 


100,000 


April 1999 


July 1999 


300 mg 


GBC-l/300 


28800398 
288010498 


100,000 


Man::h1999 


May 1999 


300 mg 


GBO-ll/300 


288010498 
288070399 


100,000 


April 1999 


May 1999 


400 mg 


GBOi/400 


28800398 
288010498 


110,000 


March 1999 


May 1999 


400 mg 


OBC-11/400 


288010498 
288070399 


110,000 


April 1999 


May 1999 



Active drug siibstance used for the manufacture of the above batches was supplied from 
Teva. All batclaes were manufactured at Nicholas Piramal (Pithampur) Limited, India, 

15 
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The above stability batches were packed into white opaque PVC/PVdQAlurninium 
blister strips. These blister strips were cartooned prior to being placed on test. 

5 Storage Conditions 
Real Time Studies 

Stability samples were stored at 25°C±2^Cy60%±5%RH and 30**Gb2°C/60%±5%RH and 
were tested at initial, 3, 6, 12, 18 and 24 and 36 month time points and 3, 6, 12, 1 8 and 24 
1 0 month tune points respectively. 

Studies under other conditions ( Accelerated Conditionsi) 

Stabihty samples were stored at 40 °C±2°C /75%±5% RH and wctb tested at uiitial, 1 
15 month, 2 months, 3 months and 6 months time points. 

Evaluation Test Procedures 

The analytical methods for all the tests used in the stability studies are the same as 
20 proposed for routine batch analysis and are known to persons skilled in the art The 
methodology for, related substances and assay has been validated and are suitable for 
stability purposes. 

The assay and related substances methods used throughout the stabiUty studies are 
25 stability indicating. 

Results of Tests 

Results of Physical Testing 

30 The stability data is for 6 months for all strengths at accelerated conditions and for 36 
months at 25^C=b2*'C/60%±5%RH and 24 months at 30^C±2°C/60%±5%RH. The results 

16 
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of physical testing of the stability batches packed in PVC/PVdCyAlumimum blister packs 
is shown in Tables 4 to 19. 

Throughout the period of study under all the conditions 25 ''Ct2'*C /60%±5%RH, 
5 30°Ofc2^C /60%db5%RH and 40 °Cdb2 °C/75%±5%RH, no significant changes were noted 
in the appearance or disintegration time of any of the samples on test It is noted none of 
the stability batches have the markings proposed for marketings however this does not 
afifect the stability profile. 

1 0 The percentage water content by KF had shown an increase after one month study in flie 
test samples for 300 and 400 mg strengths. 

However, at the end of tlie second month, once again a similar trend was observed and 
investigation was initiated as per the SOP for out of specification. The result of the 
1 S investigation indicated that the test was performed after 6-7 hours of removal of the 

powder blend fiom the capsule. The exposure to atmosphere could have resulted in higher 
values. The statement to the effect that KF should be done on fresh san^les only has been 
included in the method of analysis. 

20 Results of Chemical Testing 

Related substances/impurities 

The amount of aU the secondary peaks obtained was calculated with respect to 
Gabapmtm. diluted standard in the determination of the amount of known inq)uiity i.e. 
25 lactam, the higher response of this impurity (KRF=2 1 relative to gabapentin) was 

accounted for in the calculation. From Tables 4 to 19, it may be noted lhat the value for 
lactam is well below 0.2% to 3 months interval for all the strengths. However, at the 
sixth month interval, the values obtained were sligjitly above 0.2%. 

30 One unknown irnpurity at a RRT of about 6.0 was noted under accelerated conditions 

(40°Ct2°C/75%i5%RH) at the end of one month. Investigation was taken up with 

respect to the identification and characterisation of this impurity and it was found to be 

17 
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due to the preservative, methyl parabens, present in the c^sule shells. The methodology 
was therefore revised to include preparation of a methyl parabens marker solution and to 
disregard any peaks occurring in the test samples at the same retention time as the marker. 

Total impurities were found to be within the shelf life limits proposed. 

Dissolution 

No significant changes were observed in the dissolution results of any of the samples 
under test 

Assay 

Up to 36 months data at 25°C2±**C /60%i:5%RH, 24 monflis data at 
30**Cdb2*'C/60%db5%RH and 6 months at 40*'Ct2W5%±5%RH are available for all 
strengths of capsules. The data are within specification limits for all the batohes. 
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Stability conclttsions 

Gabapentin capsules packed into PVCVPVdCyAlunilnium blistOT pack have been shown 
to be physically and chemically stable for 36 months when stored at 25**Cy50%±5%RH, 
5 24 months when stored at 30*'Ci2*'C/60%±5%RH and for 6 months when stored at 
40**C±2°C /75%db5%RH. 

Proposed Shelf-life 

t 1 0 The stability data generated supports the following: 

Proposed product shelf-life: 36 months when packed in blister packs. 

Labelled storage conditions: none. 

15 

Further Exemplary Medicinal Products 

Further exemplary medicinal products containing the gabapentin active are disclosed in 
Tables 23 and 24. 

20 

Exemplary trial blends for 400 mg fcnmulations are disclosed e.g. in Table 24. 
Tables 25 through 39 show stability data for these further exemplary formulations. 
25 Fomaylation Develcyment 

A capsule formulation was needed ip^ch would be linear for all three strengths. 

The excipients used in the preformulation studies and the coding are shown in Table 23. 

30 
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Table 23. Exclpients used In the pre^foimulaUon studies 



Excipients 


Sample code 


^ary mixture code 


DILUENTS 

1. Dibasic UalCJUm rnospnaiw Ir ^mvarvuNUi-t*?/ 

2. Tribasic Calcium Phosphate IP 

o /^Mii^itm Ciilr^sitA sinhx/rimiis Ph Eur 
iJgtlCiUrTl OUipiUaLw cUIII/UlUUo r 

4. Mannitol Ph. Eur 

R njiii^mrfvetallinA npflulnsA /AVICEL PH 200) Ph. Exir 

6. Starch IP 

7. Lactose (PHARMATOSE) Ph. Br 


D1 
D2 
03 
04 
05 
D6 
D7 


GDI 
GD2 
GD3 
GD4 
GD5 
GD6 
GD7 


LUBRICANTS 

1 . r^Aagnesium Stearale Ph. Eur 

2. Stearic Add IP 

3. Cdloidai Silicon Dbxide Ph. Eur 


1 i 

L 1 

L2 

L3 


GL1 
GL2 
GL3 


SOLUBiLEER 

1 . Sodium Laurvl Siflphate IP 


S1 


GS1 


DRUG 

Gateoentln (Recon) HSE 


G 




Neurontin^ Capsule 400 my 
BNo. 0015077 


NRT 





Two trial blends (Blend I and Blend U) having the composition as shown in Table 24 
5 were also evaluated as per the protocol for pre-fonnulation trials. 



Table 24, Trial blends for pre-f ormulatlon studies. 



1 IngnecHents 


Blend 1 


Bk 


tndii 




per capsule 
(mg) 


per 50 capsules 
(9) 


per capsule 
(mg) 


per 50 capsules 
(g) 


Gatsapentin 

Microcrystalline CdMose (Avicel PH 200) 
Magnesium Stearate 
Colloidal Silicon Dioxide 
Sodium Lauryl Sulphate 


400.00 
133.00 
5.00 
2.00 
0.20 


20.00 
6.65 
0.25 
0.10 
0.01 


400J0Q 
133.00 
5.00 

0.20 


20.00 
6,65 
0.25 

0.01 



All the ingredients were passed through 20 mesh screen and blended together. The 
results of all the pre-formulation compatibility studies are given in Tables 25 to 39, 
including coiiq)arative results for the drug substance (Table 39) and UK reference 
product (Table 38) as controls. 

15 

Kvci ptent Compatib ilit v Stiidv Pr otocol Gabaoentin Capsules 

Aim: To carry out preformulation excipient compatibility studies for Gab^>entin 
capsules 
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Controls 

Gabapentin drug substance • 
Samples retained at 4 °C 
5 Individual Excipients 

Excipients 
DOuents 

Dibasic calcium phosphate 
10 Tribasic calcium phosphate 
Calcium sulphate 
Maimitol 

Microcrystalline cellulose 
Starch DP 
15 Lactose 

Lubricants 
Magnesium stearate 
Steiic acid 

20 Colloidal silicon dioxide-to confurm fhe reported incompatibility 

<=!n1iihiliy.er 

Sodium lauryl sulphate 

25 I>mg 

Gabapentin 

Binary mixtures to be evaluated (witih and without wat«: as necessary): 
1. Drug and diluents (1:0.5) 
30 2. Dmg and lubricants (1:0.1) 

3. Dmg and solubilizer (1:0.001) 
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4. Proposed formulatioii from the in vitro fonnulation trials to conftim the extent of 
interactions and identify suitably stable formulations. 

5. Other combinations as appropriate 

5 Scheme to identify chemical compatibility using DSC w ith nnnfir matorv HPLC. 

DRUG — ► NO INTERATION 

it- i 



10 



15 



20 



BINARY MIXTURE 



t 



EXCIPIENT I 
RECOMMEDED 



t 



EXCIPIENT 

ALTEKNATIVB 
EXCIPIENT ^ 



YES 



Significant degradation is defined as 



DSC, HPLC, 
WATER 

INTERACTION 



SIGNmCANT 
DEGRADATION? 



t 

NO 



1. >O.S%w/w formation oflactam degradation product at conditions up to 
40**C/75%RH. 

25 2. Formation ofofherdegradants at levels >0.1%wAv. 

3. Greater relative instability of mixture or formiilation to Gabapentin drug 
substance andNeurotonin capsules. 



Storage Conditions 

30 

Where humidity controls are not available a defined amount of water may be added to 
the sanqiles. Storage of samples was in petridishes and in stoppered glass vials. 
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Analysis of the Samples 

The following tests were performed at each interval: 



PCTAJS2005/001423 



1. Appearance 

5 2. . HPLC assay (as for HPLC related substances assay but calibrated for gabapentin 
resolution rather than for related substances) 

The following tests were performed at 14 and 28 day intervals. 

10 1. Appearance 

2. HPLC assay 

3 . HPLC assay for related substances 

4. Water (to determine the hygroscopicity of the proposed formulations. 
1 S DSC was carried out on initial and end point stability samples. 

Acceptance Criteria : 

Similar stability profile to Neurotonin c^sules, similar stability profile to Gabapentin 
20 drug substance, lactam levels <0.5% w/w at 25*^0 /60%RH and 40^C /75%RH after 28 
days, dissolution of the proposed formulation is >80% (Q) in 20 minutes at 25 °C 
a60%RH and 40^C /75%RH after 28 days. 



25 
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The excipient compatibility study reveals tbat commonly used pharmaceutical excipirats are 
compatible with gabapentin. The excipients studied do not adversely affect the stability of 
gabapentin when stored at 25**C/60%RH and 40'^C/75%RH. 

While the invention has been described and illustrated with reference to certain particular 
embodiments thereof those skilled in the art will appreciate that various adaptations, changes, 
modifications, substitutions, deletions, or additions of procedines and protocols may be made 
without departing &om the spirit and scope of the invention. It is intended, dierefore, that the 
iavention be defined by the scope of the claims that foUow and that such claims be interpreted 
as broadly as is reasonable. 
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